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Market demands for a more efficient way of building out GSM have given 
rise to a new model of radio base station in Ericsson’s renowned family of 
RBS 2000 products. RBS 2216 (for indoor deployment) and RBS 2116 (for 
outdoor deployment) feature a common building practice for combining 
GSM and WCDMA on the same footprint. The design thus meets operator 
demands for modernizing radio networks. 

Ericsson’s objective when designing RBS 2x16 was to bring down the 
operator costs of establishing and operating radio networks. The authors 
describe the thinking behind, and outline some of the most important 


operator benefits of, this new product. 


GSM networks still 


growing strong 


The worldwide market for GSM shows sig- 
nificant growth of new subscribers and of 
total traffic. The latest prognosis indicates 
that more than three billion people will have 
a wireless subscription by the end of this 
decade. The majority of these subscriptions 
will be based on mainstream GSM and 
WCDMA access technologies. 

These two radio technologies were de- 
signed and standardized in such a way that 
end-users can move between them without 
experiencing disruptions. The continued 
evolution of GERAN will enable GSM to 
provide better service by boosting the speeds 
of wireless data.! And greater service trans- 
parency is giving operators a golden oppor- 
tunity to optimize their investments in 
terms of network build-out. 

For operators with GSM and WCDMA li- 
censes, GSM will provide a significant ser- 
vice for many years to come, creating an ef- 
ficient combination of support for market 
segments made up of subscribers attracted 
to 
e ultra-low-cost handsets (GSM); and 
e the convenience of mobile broadband en- 

abled by WCDMA/HSPA. 

GSM operators without a WCDMA license 
can stay competitive by providing out- 
standing service. This requires a modern 
GSM radio access network (RAN) that 
makes efficient use of spectrum for voice and 
wireless data offerings. 

Ericsson’s GSM macro base stations are 
prepared to meet future operator demands. 
The RBS 2000 series of RBSs already in- 
cludes several different models to accom- 
modate a variety of deployment strategies. 
RBS 2206 and RBS 2106, for example, are 
12-transceiver-per-cabinet versions for in- 
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door and outdoor deployment, and 
Ericsson’s new RBS 2216 and RBS 2116 
models, also with 12 transceivers (TRX) per 
cabinet, have been designed to help opera- 
tors cut costs through a greater degree of in- 
tegration. For instance, in a footprint of only 
0.24m2, operators can 

e deploy a 24-TRX radio base station; 

e integrate a 12-TRX radio base station to- 
gether with a site support cabinet with 
more than six hours of battery backup; or 

e mix 12-TRX GSM with six-carrier 
WCDMA. 

The new RBS 2x16 will co-exist with RBS 

2x06, which already enjoys wide deploy- 

ment. This is because many operators want 
to continue expanding their networks with 
products they have already begun using 

(RBS 2x06). Other operators, however, 


might find the benefits of RBS 2x16 so sig- 
nificant that they will transition to this line 
for network modernization or expansions. 
Ericsson’s ambition is to satisfy both de- 
mands. Therefore, RBS 2x16 should be re- 
garded as a complement to RBS 2x06 with- 
in the RBS 2000 series. 

Ericsson thoroughly evaluated operator 
challenges before setting out to design the 
new macro radio base station. The objective 
was to help operators modernize their GSM 
radio networks and introduce cost-effective 
solutions for 
e providing coverage to new areas; 

e providing greater capacity to existing net- 
works; and 

e combining GSM with WCDMA at one 
site. 


TCO concept 


The essential principle underpinning total 
cost of ownership (TCO) is to understand 
every cost associated with making an in- 
vestment. As the mobile communications 
industry has matured, vendors have had to 
move beyond price/performance to address 
the full implication of deploying equip- 
ment. Today, the industry studies how 
equipment features affect the overall costs 
of owning and operating equipment. 

TCO is useful in the initial stages of eval- 
uating two or more solutions with the same 
potential to generate revenue — that is, if an 
operator builds the solution one way, the an- 


BOX A, TERMS AND ABBREVIATIONS 

4WRD Four-way receiver diversity 

A-bis Interface between BSC and BTS 

BBS Battery backup system 

BSC Base station controller 

BSS Base station subsystem 

CAPEX Capital expenditure 

CDU-G Combiner distribution unit, 
version G 

CPU Central processor unit 

CXU Configuration switch unit 

DRU Double radio unit 

DSP Digital signal processor 

dTRU Double transceiver unit 

DXU Distribution and switch unit 

EDGE Enhanced data rates for global 
evolution 

EMC Electromagnetic compatibility 

EUL Enhanced uplink 

GERAN GSM/EDGE radio access network 

GSM Global system for mobile 


communication 


HSDPA High-speed downlink packet 
access 

LNA Low-noise amplifier 

RAN Radio access network 

RF Radio frequency 

RX Receiver 

O&M Operation and maintenance 

OPEX Operating expenses 


PA Power amplifier 


RBS Radio base station 

RXS Receiver splitter 

TCC Transmitter coherent combining 

TCO Total cost of ownership 

TMA Tower-mounted amplifier 

TRX Transceiver 

TX Transmitter 

WCDMA Wideband code-division multiple 
access 
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Figure 1 
Mobile operator cost structure. 
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nual cost structure will be A; if he builds it 
another way, it will be B. In either case, the 
potential revenue is the same. TCO is ideal 
for analyzing the economics of efficiency- 
based features and solutions (as opposed to 
revenue-enhancing features and solutions). 


Mobile operator cost structure 


To analyze a mobile operator's TCO, one 
must isolate every cost that is directly re- 


lated to the network. Moreover, one must 
distinguish between costs that are driven by 
the way a business is managed and those 
cost categories that are directly driven by 
the way a network is dimensioned and op- 
erated. 

To make the analysis useful, one must 
also limit the study of cost drivers to first- 
order effects. We realize that there are sec- 
ondary and tertiary effects in play: decisions 


regarding network build will affect quali- 
ty, which affects churn, which influences 
revenues and the costs of acquiring and re- 
taining subscribers. 

Figure 1 shows annual costs relative to an 
operator’s income (profit or loss) statement. 
In order to assess and compare trade-offs be- 
tween annual operating costs and invest- 
ment costs, capital expenditures (CAPEX) 
are converted to depreciation. 


Figure 2 
Logical diagram of the TCO model. 
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The operator must then decide how the 
network can be built to meet demands for 
capacity and coverage. All costs relative to 
fulfilling these demands are termed net- 
work-driven costs. Using TCO, operators 
can evaluate various alternatives. 


TCO applied to the GSM RAN 


TCO, as it relates to the GSM radio access 
network, is the sum of costs driven by di- 
mensioning the access network, including 
operating expenses (OPEX) and deprecia- 
tion. As stated above, the TCO model con- 
centrates on annual network expenses cal- 
culated for a given coverage and capacity. 
Depreciation is calculated from the costs of 
e GSM radio access equipment, such as 
radio base station (RBS) hardware, base 
station controller (BSC) hardware and base 
station subsystem (BSS) software; 
additional BTS site equipment (antenna 
systems, power systems, installation ma- 
terial); 

A-bis transmission equipment (A-bis is 
the interface between BSC and RBS); 
civil works (construction, towers, air- 
conditioning, shelters); and 

e network rollout. 

Network-related OPEX accounts for oper- 
ations and maintenance (O&M) personnel 
and overhead, electricity, site rental, A-bis 
transmission (leased lines), and vendor ex- 
penses (spare parts, support, training). 


Figure 4 


Figure 3 
Example TCO study showing the annual cost distribution associated with the radio access 
network (RAN). 


Left: RBS 2216 is a 12-TRX indoor macro RBS for GSM. Center: RBS 3216 is a six-carrier indoor macro RBS for WCDMA. Right: BBS 2216 


indoor site support cabinet. 
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Figure 5 
Double-chimney design. 
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The model 

Figure 2 is a logical diagram of the TCO 
model, which is based on information about 
coverage area, associated subscriber base, ex- 
pected traffic intensity, percentage half-rate 
traffic, dedicated resources for data traffic, 
radio quality and so on. This input is used in 
a cell-planning tool (TEMS) to dimension 
suitable cell layout and BTS configurations. 
When this is done, an operator can estimate 
his costs. 

To compare the costs of different ways of 
dimensioning and building the RAN, the 
model calculates TCO for various scenarios 
— for example, with and without the prod- 
ucts, solutions and features being studied. 
Figure 3 exemplifies a typical TCO study. 


Reducing TCO with 
RBS 2x16 


Armed with an analysis of the total cost of 
rolling out and operating a radio network, 
operators can more easily target costs. 


Impact of link budget on number of sites 


The most straightforward way to keep costs 
at a minimum is to use as few radio sites as 
possible to deliver the necessary capacity, 
coverage and quality. This is because the 
number of sites has a direct impact on the 
OPEX and CAPEX of radio networks. 

As a member of the RBS 2000 family, 
RBS 2x16 is positioned to support several 
radio configurations, including 
e those suitable for densely populated areas, 

where cell range is often determined by 

available spectrum and capacity demands; 
and 
e a range of configurations optimized for 
coverage, where terrain and capacity per- 
mit far site-to-site reaches. 
RBS 2x16 introduces enhanced radio per- 
formance compared with RBS 2x06. Im- 
proved output power from the transceiver 
and an enhanced building practice, which 
removes internal cable losses when the out- 
door cabinet is used, boost the link budget 
by as much as 1.5dB. This improvement 
means that fewer sites are needed to provide 
the same coverage. A 1.5dB increase in the 
link budget translates into a 12% to 23% 
savings (reduction) in radio sites. The re- 
duction is dependent on choice of coverage 
mode, site configuration, and terrain model. 


Power consumption 


Electrical power is needed at radio sites to 
drive radio base stations and other equip- 


ment, such as cooling equipment, trans- 

mission equipment, and battery backup sys- 

tems. A radio site configured with 

RBS 2x16 consumes significantly less power 

than its predecessors, primarily because it 

e accommodates higher working tempera- 
tures with maintained reliability; and 

e employs a new cooling concept for out- 
door sites. 

Below, we compate two scenarios. First, we 

study indoor solutions, comparing 

RBS 2216 with RBS 2206. We then look 

at outdoor solutions, comparing RBS 2116 

with RBS 2106. 


Indoor comparison 


Many indoor deployments contain a cooling 
or heat-removal component for taking care 
of heat from the equipment room. Studies 
show that 0.5kW electrical energy is re- 
quired (to run air-conditioning equipment) 
to cool or remove 1kW heat energy (in the 
equipment room). For our comparison, we 
have assumed that air conditioning equip- 
ment at a site with RBS 2206 must run con- 
tinuously. By contrast, air conditioning 
equipment at a site with RBS 2216 needs 
only run one-fifth of the time. In other 
words, the introduction of RBS 2216 signi- 
fies a 10°C increase in maximum operating 
temperature. The savings, in terms of power 
consumption, is more than 25%. If one also 
reduces the number of sites, thanks to im- 
proved link budget, then the potential re- 
duction in total power consumption in the 
radio network is more than 33%. The actu- 
al results are dependent on local climate and 
site design. 


Outdoor comparison 


RBS 2116 is available without a heat ex- 
changer, enabling operators to reduce power 
consumption per site even more than for in- 
door sites. In addition, enhanced radio per- 
formance yields even greater potential to re- 
duce costs compared with RBS 2106. 
Ericsson estimates that operators who in- 
troduce RBS 2116 can reduce power con- 
sumption in the network by nearly 40%. 


Network rollout and site acquisition 

RBS 2x16 has small physical dimensions 
and is very flexible in terms of on-site in- 
stallation. Therefore, it has the potential to 
significantly reduce operator costs. Its small 
size and flexible design facilitates place- 
ment, and an improved link budget gives 
operators a larger area from which to search 
for sites. This translates into a greater num- 
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Figure 6 
Disassembly/assembly of RBS 2116. 


ber of alternative sites, which will drive 
down site rental costs. 

Examples of innovative placement in- 
clude attics, spaces beneath stairways and 
other spots with limited headroom. Indeed, 
one can now place RBS 2x16 next to a BBS 
to create a complete site that is less than one 
meter tall. 

Ericsson’s customers have asked for more 
flexible ways of installing cabinets on 
rooftops or in other locations that have tra- 
ditionally been difficult to access without 
the use of a crane. RBS 2x16 can be carried 
to site by hand. Its small size also helps re- 
duce transportation costs during rollout. 

In addition, it is now easier to distribute 
weight at outdoor sites, by separating the 
radio base station and support cabinets. This 
eliminates the need for conventional weight- 
distribution solutions such as girders. 


Building practice 


Introduction 


RBS 2216 is a twelve-transceiver indoor 
macro radio base station for GSM (Figure 4, 
left), while RBS 3216 is a six-carrier indoor 
macro radio base station for WCDMA (Fig- 
ure 4, center) based on the R3 architecture.? 
BBS 2216 is an indoor site support cabinet 
that contains battery backup support for up 
to two radio base stations (GSM and/or 
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WCDMA). It also supports transmission 
equipment (Figure 4, right). 

RBS 2216, RBS 3216 and BBS 2216 (in- 
door versions) are each 90cm in height (ex- 
cluding base frame). They have the same 
footprint (60cm x 40cm) as RBS 2206 and 
RBS 2202. The units can be mounted side- 
to-side, back-to-back, or with back or side 
to the wall. 

The outdoor versions, called RBS 2116, 
RBS 3116 and BBS 2116, use the same out- 
door enclosure. RBS 2116 and RBS 3116 
also use the same cooling system. 


Stacking 

The RBS 2216, RBS 3216 and BBS 2216 

cabinets can be stacked on top of one an- 

other, which results in very compact and 

flexible indoor site installations. The height 

of two stacked cabinets, excluding the base 

frame, is 180cm, which matches that of a 

single RBS 2206. Examples of sites in a 

stacked configuration include a 

e 24-TRX GSM radio base station; 

e 12-TRX GSM radio base station and site 
support unit; or 

e 12-TRX GSM radio base station and six- 
carrier WCDMA radio base station. 

The compact building practice is especially 

useful in modernization and change-out sce- 

narios. The performance of the new equip- 

ment matches or betters that of the equip- 

ment it replaces while occupying less space. 


Indoor cabinet cooling 


Stacked indoor radio base stations require 
special cooling arrangements. The design of 
RBS 2216 incorporates a dual-chimney sys- 
tem: Air enters the unit from the front, flow- 
ing over the equipment and taking up heat. 
The air is then channeled into the inner 
chimney. Fans at the top of the unit suck the 
hot air into the chimney. The exhaust from 
the lower unit is routed to the outer chim- 
ney in the upper unit. Stacked radio base sta- 
tions are thus cooled independently of one 
another (Figure 5). 


Outdoor cabinet cooling 


RBS 2116 employs an open cooling system 
that uses filtered outdoor air to cool it. Open 
cooling system designs must take humidi- 
ty, pollution and corrosive gases into con- 
sideration. 

Ericsson has designed RBS 2x16 to han- 
dle rough conditions. It has no back planes 
and few internal cables. Each unit is sealed 
so that circuit boards are not exposed to air- 
flow. Extra tight sealing is used on units that 
dissipate significant amounts of heat. In ad- 
dition, every unit fulfills requirements for 
electromagnetic compatibility (EMC). 

Relative humidity inside the radio base 
station is minimized and controlled by 
keeping the inside temperature higher than 
the outside temperature. When tempera- 
tures are very high, the difference between 
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Figure 7 
Architecture of the radio domain system. 


indoor and outdoor temperatures is only 
marginal — climate measurements taken 
around the world show that relative hu- 
midity is low at very high temperatures. 
When temperatures are low, the external 
airflow is reduced. When temperatures are 
very low, the external airflow is shut off al- 
together. Instead, air is circulated inside the 
radio base station. If necessary, a heater is 
activated. 


Figure 8 
Block diagram of the double radio unit (DRU). 


Carry to site 

RBS 2106, which comes as one unit, pre- 
equipped and tested, with radio base station, 
battery backup, and transmission equip- 
ment, is an excellent solution where cranes 
can be used to install outdoor sites. 

A common practice in large European 
cities is to situate radio base stations on 
rooftops. It is sometimes difficult, however, 
to obtain approval to use cranes for these in- 


76 


stallations. Moreover, in many new, fast- 
growing GSM markets, one cannot count on 
crane availability during network rollout. 
What is more, widespread use of poles and 
associated power and telephone lines make 
it difficult to work with cranes at some sites. 
Ericsson has thus built an outdoor radio base 
station that can be installed on site without 
a crane. It can be disassembled into parts and 
carried by hand — the heaviest part of 
RBS 2116, for example, weighs only 70kg. 
And the dimensions of the largest unit 
(the enclosure without door) are just 
65x65x130cm. Easy disassembly and re- 
assembly shortens installation time (Figure 
6). RBS 2116 can be disassembled and re- 
assembled in less than 30 minutes. It can 
be disassembled into four major parts: an 
outdoor enclosure, the empty radio base sta- 
tion, double radio units (DRU), and the 
door. A cable supervision feature helps site 
integrators to verify that cables have been 
connected properly. Ericsson’s carry-to-site 
concept also applies to BBS 2116 and RBS 
3116. 


Cable supervision feature 


At startup, the RBS 2000 system automat- 
ically checks connectivity over internal con- 
trol interfaces. This check detects whether 
a control cable is missing or has been mis- 
connected. In addition, RBS 2x16 auto- 
matically checks that the receiver (RX) 
jumpers between DRUs are properly con- 
nected between ports. 


Shared antenna systems 


As with other GSM and WCDMA radio base 
stations from Ericsson, RBS 2x16 (GSM) 
and RBS 3x16 (WCDMA) can share anten- 
na systems.3 


Architecture 


New member of the RBS 2000 family 


The units in RBS 2x16 are new, but they 
originate from RBS 2000 system architec- 
ture. All central functionality is executed on 
a distribution and switch unit (DXU); func- 
tionality for two GSM carriers (2 TRX) is 
executed on a DRU. A Y-link is used be- 
tween the DXU and DRUs. Six DRUs (12 
TRX) can be connected to one DXU. 

The same chipset (ASIC) is used in the 
DXU and DRUs. Likewise, the same inter- 
faces are used between ASICs to ensure that 
the functionality of RBS 2x16 and 
RBS 2x06 can evolve together. 
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All RBS 2000 products, including 
RBS 2x16, are supported by single-track 
software. Therefore to introduce new func- 
tionality (for example, to increase transmis- 
sion, baseband and radio functionality), op- 
erators need only implement software once 
for all RBS 2000 products. Figure 7 de- 
scribes the system architecture of the radio 
domain. 


DRU 


DRU architecture 


Hardware integration is a requirement for 
building compact radio base stations. In 
RBS 2x16, Ericsson has integrated the dou- 
ble transceiver function (dTRU in 
RBS 2x06) with cavity duplex filter func- 
tionality (CDU-G in RBS 2x06) and re- 
ceiver RF distribution functionality (CXU 
in RBS 2x06) to yield a DRU. Due to its 
small physical size, RBS 2x16 does not sup- 
port filter combining. Figure 8 shows the 
DRU block diagram. The CPU system con- 
trols the DRU. A DSP cluster processes 
baseband signals for the uplink and down- 
link, and controls radio functions for two 
GSM TRXs. Digital data is passed to and 
from the TX/RX radio parts. Two low-level 
TX blocks convert the signals to GSM band. 
Two power amplifier (PA) blocks amplify 
the signals to the required power level. A 
hybrid combiner combines two TX signals 
to one antenna port (the combiner is by- 
passed in uncombined mode). A duplex fil- 
ter combines or splits TX and RX in an an- 
tenna connector. An RX distributor net- 
work — which consists of low-noise ampli- 
fiers (LNA), step attenuators, splitters, two 
RX inputs and two RX outputs — supports 
a wide range of radio configurations via a 
common DRU. Two radio receivers (with 
receive diversity) convert RF to baseband 
data. The DRU has built-in support for 
TMA, which eliminates the need for exter- 
nal Bias-T. Some radio configurations re- 
quire an additional external splitter located 
in a splitter unit (RXS). 


DRU characteristics 


The normal operating temperature range of 
the DRU is +5°C to +55°C. 

Its physical dimensions are 44.5x9x27cm. 
Hardware integration has made it possible 
to build compact twelve-transceiver radio 
base stations and reduce the number of ca- 
bles between units. Six DRUs occupy a sin- 
gle shelf with a height of 44.5cm in a cabi- 
net measuring 60x 40cm. The DRU sup- 
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RX sharing 


Figure 9 


ports EDGE, evolved EDGE, and transmit- 
ter coherent combining (TCC). 


Configurations 

RBS 2x16 has been designed to support a 
wide range of radio configurations. Differ- 
ent combinations use the DRU (with its RX 
distribution network), the recevier (passive 
splitter unit) and receiver cables. There are 
three classes or modes of configuration: ca- 
pacity mode, coverage mode and supreme 
coverage mode. Dual-band configurations 
are described separately. 


Top: Example capacity configurations. Bottom: Example coverage configurations. 


Figure 10 
Example dual-band configuration. 
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1x2 
1x 1+ 1x2 Smart range 


Figure 11 
Example supreme coverage configuration. 
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Capacity configurations 


Capacity configurations are combined trans- 
ceiver configurations. Configurations exist 
for 1x2 up to 1x12. Figure 9 (top left) is a 
non-TMA 1x4 configuration that uses re- 
ceiver cables to distribute signals between 
DRUs. 

For larger-capacity configurations with 
tower-mounted antenna (1x6 and higher) an 
RXS (splitter unit) can be added to mini- 
mize the number of TMAs. Figure 9 (top 
right) illustrates a 1x8 configuration with 
TMA. RXS is also used in configurations 
with receiver-sharing (RX fed to another co- 
sited RBS). 


Coverage configurations 


Coverage configurations are uncombined 
configurations. 

The 1x4 configuration without TMA 
(Figure 9, bottom left) requires no receiver 
cabling. This configuration can be expand- 
ed to up to 12 transceivers by adding DRUs. 
If TMAs are needed to increase uplink sen- 
sitivity, receiver cabling is used to distrib- 
ute reception to the two DRUs (Figure 9, 
bottom right). This configuration uses two 
antennas for reception and transmission; the 
other two antennas are solely used for trans- 
mission. Two tower-mounted antennas are 
required. 


Dual-band configurations 


Figure 10 shows how dual-band configura- 


tions 3x2 | 3x2 (12 TRX) are built. One can 
build larger, combined dual-band configu- 
rations of up to 3x4 | 3x4 (24 TRX) using 
3+3 1x4 combined configurations in two 
cabinets. 


Supreme coverage configurations 


To achieve supreme coverage, transmitter 
coherent combining is combined with four- 
way receiver diversity (4WRD). This con- 
figuration supports either 1x2 or 1x1 + 1x2 
smart range. A cabinet can house up to three 
of these configurations (Figure 11). 


Conclusion 


The introduction of RBS 2x16 enables op- 
erators to lower the total cost of owning 
radio networks. For instance, 

e an improved link budget means operators 
need fewer sites with which to build a net- 
work; 

e new cooling techniques and a reduction in 
sites translates into reduced power con- 
sumption; and 

e improved, more flexible installations re- 
duce the costs of network rollout and civil 
works. 

RBS 2216 doubles transceiver density com- 
pared with RBS 2206, yielding a footprint 
of 100 transceivers per square meter. The 
compact building practice facilitates capac- 
ity growth, change-outs and modernization 
activities. 
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